[P lates 5, 6] A green helical organism is described w hich displays a new ty p e of m ovem ent. The helix m oves b y grow ing a t th e anterior end and dim inish ing posteriorly; it does n o t ro ta te . O bservations on th e change in shape produced b y d eh y d ratio n show th a t th e s tru c tu re of th e organism is m arkedly anisotropic. B y analogy w ith oth er fibrous stru ctu res, it m ay be concluded th a t anisodiam etric micells or m olecules are orien tated parallel to th e long axis. I t is pointed o u t how th e grow th and a c tiv ity of th e organism are related to th is axis.
Introduction
The organism to be described here appeared in a sample of material from a small aquarium covered with duckweed. I t was first noticed in December 1938 and was fairly plentiful until the beginning of January 1939, when it disappeared, in spite of the addition of a nutrient medium (that of Benecke; see Doflein-Reichenow 1928) . The organism has not since then been found in the aquarium from which the sample was taken. An examination of the literature for previous records of such a green spiral-shaped protist has been made, but no description has as yet been found which would suggest th at the organism has been observed before. The movement exhibited is so remarkable and can be observed with such ease th a t it is scarcely conceivable it should have escaped notice if the organism were indeed identical with any of the green spiral organisms hitherto described. The present paper offers a preliminary account. Until the reappearance of the organism no attem pt will be made to settle its systematic position; as will be seen, it appears to be closely related to the Spirochaetoidea (Dobell 1912) and to certain Cyanophyceae. This account will be concerned for the most part with a description of the new type of movement which it exhibits and with some reflexions on organization and activity.
On a green helical organism and its motion
[ 77 ]
The green helical organism
The organism is a transparent, light green ribbon, wound in a close, righthanded helix. The diameter of the tube thus formed is between 1-6 and 2-0//; its length varies between 10 and 18/l The edges of the ribbon bear a regular series of highly refractive granules, spaced at intervals of about lju; these were particularly conspicuous in certain individuals (as in plate 6), but much less so in others (figure 3 , plate 5). Dobell (1912) rightly questions accounts given by Lagerheim (1892) of green spirochaetes about 2 ju, wide, pointing out th a t it is necessary to know the nature of the optical equipment with which the observation was made before passing judgement on the reliability of the observation. The green helical organism described here was examined with a Leitz 2 mm. apochromatic objective (n.a. 1-32, homogeneous oil immersion) in conjunction with Leitz periplanatic eyepieces ( x 6, x 10 and x 20), and with an achro matic condenser of numerical aperture . The green colour is a bright green, not the typical blue-green of the Cyanophyceae, and disappears during alcoholic dehydration of the preparations. I t was observed th a t the last surviving specimens were distinctly paler in tin t than those first observed. Since the colour was not a t all the faint apple green seen in colourless objects as a result of the dispersion of even the finest objectives, it seems certain th a t the colour is due to some alcohol-soluble pigment. The organism was observed and the colour confirmed by many members of this department.
Nothing is known concerning its mode of nutrition. I t was often ob served th a t bacteria became attached to the surface (see p. 81) but these were never seen to be ingested. The free-living spirochaete, fulgurans Dobell (?), was present in large numbers in the culture, but conditions were not markedly saprobic, since numerous minute green algae were found, together with colourless flagellates belonging to the genera Bicoeca and Salpingoeca. The significance, if any, of the green pigme unknown.
Division was never observed, but it appears extremely probable th a t transverse fission occurs. The organisms are always of approximately the same width but differ in length, the longest being about twice as long as the shortest. On one occasion two individuals were found placed as in figure 1 b. They separated immediately and moved away from each other. This position is very similar to th a t figured by Gross (1910) , figure 28, Tafel 3, in the division of Cristispira. I t is suggested th at this pair resulted from the constriction of a single, double-length individual.
Permanent preparations were made using Schaudinn (with acetic acid) and Champy as fixatives and staining with Mayer's haemalum and eosin, iron haematoxylin and orange G, and Feulgen and light green. Prepara tions were obtained by covering a drop of the culture with a no. 0 coverslip and observing under oil immersion until the helical organism and spirochaetes, Spirochaeta f u l g u r a n s Dobell (?), were crawling on the surface of the cover-slip or slide. A drop of fixative was then placed a t the edge of the cover-slip and the volume of liquid was increased gradually until the cover-slip floated off and could be transferred to a watch-glass for further treatm ent. The slide was also stained. In this way preparations could be obtained without the use of egg albumin. The helical organism was never F ig u r e 1. (a) A som ew hat diag ram m atic rep resen tatio n of th e green helical organism , showing th e disposition of th e refractiv e granules along th e edge of th e helically tw isted ribbon. F o r th e sake of c la rity th e granules are represented ra th e r sm aller, relatively, th a n in th e living organism . G ranules w hich are sta tio n a ry relativ e to th e background are represen ted b y black circles, those in m otion b y w hite circles. (6) Two sh o rt individuals w hich m a y h ave arisen b y tran sv erse fission (see p. 78). This figure should be com pared w ith th a t show ing fission in in Gross (1910) . The two individuals discovered in th is p o sition su b sequently separated.
very abundant in the sample, but, using this method, very few of those attached to the glass a t the moment of fixation were lost during subsequent treatm ent. I t was also possible by this means to follow the changes in shape of the organism during fixation and dehydration; these observations will be referred to later (p. 87).
None of the methods of fixation and staining used revealed any trace of chromatic material. Material fixed with Schaudinn or Champy and stained with Feulgen gave negative results, although colourless flagellates present were satisfactorily stained. Preparations treated with Feulgen's reduced Diamantfuchsin did not show the granules visible in life, nor were these visible in any of the permanent preparations. They could not be shown to be volutin, as are the granules in Spirochaeta plicatilis Ehrenberg (Zuelzer 1925) . Iron haematoxylin preparations were uniformly grey in tone. Figure 4 , plate 5 shows permanent preparations fixed with Schaudinn and stained with iron haematoxylin and orange G.
Movement
The organism exhibits two types of movement: (1) helical crawling, and (2) slight flexures of the body which cause the path to deviate from a straight line (see plates 5 and 6). The rate of movement is much slowerboth absolutely and relatively-than th a t of typical spiroehaetes. This can be determined most accurately from the cinematographic films. The films were taken a t a speed of 8 pictures a second under oil immersion with a x 20 eyepiece. The camera and microscope were supported independently. The light-source was an arc, and the beam was passed through a copper sulphate solution and through a green W ratten filter, no. 58, which was selected empirically, on the grounds th a t only in its presence did the organism remain active for a period of several seconds. W ithout this filter, movement stopped immediately. The exposures were made with a squared micrometer disk in the eyepiece. At the magnification used, the side of each square in plates 5 and 6 is 7*5/^.
From the films it is found th a t the organism travels its own length in about 20 sec.., th a t is, comparatively slowly. Hence it is possible to observe with ease w hat is happening. The key to the type of movement which has been described as helical crawling is given by the highly refractive granules. Those on the edge of the ribbon directed towards the direction of movement (see figure la ) are observed to be streaming forward relative to the back ground and to the anterior or posterior ends of the organism. If a single granule is followed forward, it is observed to become stationary relative to the background as soon as it reaches the anterior e n d ; relative to the ends of the organism, however, it now travels backwards to the posterior end and then moves forward relative to the background once more.
The movement is most easily pictured as th a t of a helically-wound caterpillar tractor, one edge of which is motionless relative to the substratum (see figure 26 ). The treads (that is, the granules) on the moving edge advance twice as rapidly as the anterior end. The green helical organism does not rotate about the axis along which it is moving, but progresses by adding to the helix a t the front end and reducing it behind. If attention is confined to those coils of the helix which lie between the two ends, these are found to be motionless with respect to the background. The anterior tip however describes a helix as it grows, while the posterior tip traces one as it withdraws. 2, 5, 9, 16, 20, 22, 24, 26, 31, 34 and 38. The set of photographs represents therefore a tim e interval of ab o u t 5 sec. I t will be noticed (see figure i, for ex am ple) th a t th e helix appears to be left -handed. This is because th e lower p a rts of th e coils are in focus; a t a slightly higher focus (see plate 6) th e helix w ould be seen to be right-handed. The granule m arked -» passes from th e posterior end forw ard, ab o u t half-w ay along th e body, following th e anterior edge of th e helix. In figures e-j a statio n ary granule, X, is visible on th e posterior edge of th e helix. M agnification x 1700. -O S t 0
The movements of single granules can be followed in figure 2. The most anterior stationary granule in figure 2 aI is marked 0; p granule the six most anterior moving granules are numbered in sequence: 1, 2, 3, 4, 5 and 6. The drawings (I, II, III, IV, V and VI) are made at equal intervals of time, such th a t between each drawing each of the moving granules moves along the edge of the helix through a distance equal to the distance between any two adjacent granules (the granules always remain the same distance apart). In a, I I granule 1 a t the anterior end has moved into the position which it will continue to occupy until it is once more at the posterior end as a result of the forward streaming of the protoplasm. In succeeding drawings (III, IV, V and VI) the moving granules are added in turn to the fixed spiral, until 6 alone is still moving (VI). I t is seen th a t the speed of movement of a granule is twice as fast as the rate of extension of the series of fixed granules; hence the speed of forward movement of the whole organism is half th a t of the streaming granules. (See, for comparison, the untwisted caterpillar tractor in 6.)
At the posterior end, granules belonging to the fixed series are passing successively into the forward stream. The granule which most recently began to move is marked 0; proceeding forward along the fixed series, granules are numbered successively: 1, 2, 3, 4, 5 and 6. I t is evident th a t the fixed series (measuring backwards from granule 6) diminishes a t half the speed a t which the granules advance. (Compare the position of granule 0 in (III) with its position in (IV). During the time interval between these two drawings the fixed series has diminished posteriorly by one granule, while granule 0 has moved through twice the distance between two adjacent granules.)
Bacteria frequently adhere to the edges of the ribbon, and in such cases it is clear from their movement th a t the movement of the granules is associated with movement of the surface. A bacterium may stick to the edge along which the granules are moving and will then be carried round the helix to the front end, there becoming motionless until it is once more at the posterior end, when it is again carried forward. Such particles do not appear to be ingested. The sequence of events described here is shown in plates 5 and 6. I t must be remembered th a t it is much more difficult to follow movement such as this in a succession of isolated photographs than in the projected film. The positives in plates 5 and 6 show portions of the cycle of granule movement in two individuals. 
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« sJJ § < 3 < 8£ g S j S P c 3 ! the anterior end in figure 3 a,plate 5, is still touching the grid manner in figure SI. Starting at the posterior end it is seen th a t the granule, indicated by an arrow, moves forward along the anterior edge of the ribbon. The rate of forward movement of the granule is greater than the rate of advance of the anterior end; between figures 3 and plate 5, the granule has advanced to the middle of the body while the anterior end has progressed by one quarter to one third of the body length. A stationary granule, X , on the posterior edge of the ribbon is seen in figures 3 The organism photographed in plate 6 is considerably larger and shows the refractive granules particularly clearly. In figures 5a and b, plate 6, a particle clearly visible on the posterior edge of the ribbon is stationary while the posterior end advances. In figure 5 c the previously stationary particle begins to move forward and, changing its position vertically as well as in the plane of the paper, is seen as a black spot (owing to the shift in focus). It emerges from beneath the helix in figure 5 e and travels forward and along the edge, passing beneath the ribbon in figures 5 and 5 This process is repeated twice in the series of photographs shown here. By th a t time the organism has advanced through a distance of about half its own length, the granule having travelled through about twice th a t distance.
If, as frequently happens, the organism reverses the direction of move ment, the condition of the granules on the two edges is simply reversed: those which were moving become stationary, those which were stationary begin to move in the opposite direction.
It is clear th a t if the organism is to progress it must be in frictional contact with some surface. Movement of the type described here was always observed with the organism adhering to the cover-slip, or to the slide, or to the surface of algal debris. If the drop was examined imme diately after putting on the cover-slip, individuals were occasionally observed floating freely in the liquid. Under these conditions they were never observed to swim like typical spirochaetes. While it is necessary th a t the organism should be in contact with some surface, it is also clear th a t there must be relatively little skin friction between the streaming edge of the ribbon and the substratum or the surrounding liquid, otherwise the forward streaming would lead to a backward displacement of the organism. From the shape of the organism it is evident th a t the fixed series of granules can only be in contact with the substratum at certain points. A greater stickiness of the fixed edge as compared with the moving edge would be entirely compatible with the suggestion, made below, th at the streaming edge is in the sol condition, while the fixed edge is gelated.
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A C O M P A R IS O N W IT H A M O E B O ID M O V E M E N T
By analogy with current views on the nature of amoeboid movement (see, in particular, Pantin 1923) we may regard the cycle of changes in the behaviour of a granule as evidence of the cyclical conversion of the protoplasm from sol to gel and from gel to sol. The edge on which the granules are streaming forward may be regarded as in the sol condition. At the end directed forward in movement, streaming protoplasm is being gelated; a t the posterior end, gelated protoplasm is passing into the sol condition and streaming forward. How much of the protoplasm is in the sol condition cannot be determined, since the only particles whose move ment might indicate the condition of the protoplasm are distributed along the edges of the ribbon. While it is just conceivable th a t the organism contains a relatively solid, helical core which is displaced forward by the moving edge, just as is the body of a tractor, it seems more likely th a t there should be a uniform velocity gradient between the two edges, a gradual transition from sol to gel, such as is observed between endoplasm and ectoplasm in an amoeba.
Recent theories of amoeboid movement (see Pantin 1923; Mast 1926) suppose th a t the formation of a pseudopodium depends on the pressure exerted by the contracting, gelated tube of ectoplasm; pressure is con tinuously exerted and leads to a continuous squeezing forward of fluid endoplasm, which is then laid down as a gel, extending the contracting ectoplasmic tube forwards. Posteriorly the gel liquefies to form fluid endoplasm. In the case of the green helical organism, there is no apparent contraction leading to the forward streaming of the protoplasm. This corresponds to the condition in the Foraminifera and Heliozoa, where pseudopodia are formed apparently in the absence of any such hydrostatic mechanism, by a process of " micellar crystallization" (see Schmidt 1937a and the discussion in Picken 1940) . The processes fundamental to amoeboid movement may perhaps be stated as follows: (1) sol ^ gel conversion; (2) extension of the gelated ectoplasmic tube in the direction of movement; (3) contraction of the gelated ectoplasm, detachment from the substratum and return to the sol condition. The helical organism exhibits but two aspects of the phenomenon-the cyclical change, sol ^ gel, and the exten sion forward of the gelated helix.
The forward streaming of the granules in the helical organism recalls the forward streaming of the surface film in amoebae. I t will be remembered th at Jennings (1904) claimed th a t the entire ectoplasm of forms such as Amoeba verrucosa streams forward over the front end of the animal, so th at granules lying in the ectoplasm are carried forward on the upper surface, over the advancing anterior end to the ventral surface, and eventually pass to the upper surface once more as the amoeba moves on. Jennings states th a t the speed of the forward movement of the ectoplasmic granules is about the same as th a t of the endoplasmic stream. Schaeffer (1920) points out th a t such rolling movement as Jennings describes is mechanically impossible, unless the granules in the ectoplasm move forward exactly twice as fast as the anterior end. He also shows th a t the ectoplasm itself is stationary relative to the background, and th a t the advancing granules are moving in a thin surface film, not in the ectoplasm. This film he compares to a liquid surface. His observations show th a t the surface of an advancing pseudopodium is moving forward a t a rate varying from one to three times the speed at which the tip of the pseudopodium advances. According to Schaeffer the film is formed at the posterior end of the amoeba and is taken into the interior at the tip of the advancing pseudopodium.
Schaeffer's observations provide no support for Jennings's theory of rolling amoeboid movement. The mechanism postulated by Jennings appears, however, to be realized in the green helical organism. Since the relation between forward streaming of the surface film and amoeboid movement is still completely obscure, it is not desired to do more than indicate the resemblance between the rolling movement hypothesis of Jennings and the actual movement of the green helical organism.
The motion of true spirochaetes
The only spirochaetes which have as yet been examined for comparison with the green helical organism are free-living forms: Dobell (?) and 8. plicatilis Ehrenberg. I t seems very probable th a t the movements of these organisms, when in contact with a solid surface, are fundamentally similar to those of the green helical organism. If the more central coils are watched in an individual, the ends of which are extending now in one direction now in the other, they are seen to be completely motionless. There is in this case also, therefore, no rotation of the helix; one end grows as the opposite end diminishes. No granules, however, are visible, the movement of which might give a clue to the fundamental process. If we are to account for the displacement of such a spirochaete when freely suspended in water, it is evident th a t the friction between the stationary parts and the surrounding liquid must be such th at the resist ance to backward displacement is greater than th at to forward extension of the tip of the helix. I t is possible th at the forward stream is internal, as in the case of an amoeba of the Umax type, but the same effect might be obtained if a very small area only (a narrow strip) of the surface were moving, or if for some reason the skin friction between this moving surface and the water were low. I t is hoped to study the movements of and other spirochaetes in order to ascertain how far the movement of the green helical organism described here provides the key to the movement of spirochaetes in general.
I t must, however, be realized a t this point th a t there are serious practical difficulties to be overcome in deciding between various possible types of movement. One can imagine a rod-shaped, flexible organism propelling itself through a viscous medium by throwing its body into waves in three dimensions; it takes on the form of a helix, the coils of which will appear to travel backwards from the anterior end. In the case of a macroscopic organism the coils will move slowly backwards relative to the background over which it is moving, since there will be a significant amount of slip between the surface of the organism and the viscous medium. If the organism is of microscopic dimensions, however, it is quite possible th at such slipping will be inconsiderable, so th a t the wave travelling down the organism will be stationary relative to the medium. In films of Cristispira (made by Dr J. E. Harris of this departm ent) this appears to be the case; the spirochaete is displaced, as it were, along an imaginary extension of its own helix: the waves are stationary. Given cinematographic records, it would not, therefore, be possible to distinguish by inspection between swimming by means of rhythm ic waves of contraction in three dimensions, and " swimming" as a result of forward extension of the helix by some process similar to th a t observed in the green helical organism, where also the coils of the helix remain stationary relative to the background.
There are two difficulties which have to be faced if we assume th at fastmoving spirochaetes propel themselves through the water by waves of contraction. The first arises from the observation, recorded on p. 85, th at their movement when in contact with a solid surface resembles th a t of the helical organism, inasmuch as the more central coils remain stationary relative to the background. The second is the fact th a t a spirochaete is a helix even when a t rest, even after fixation; th a t is, the shape of the organism is helical. I t is therefore necessary to suppose th a t the contraction wave may cease to be propagated and become stationary (relative to the anterior end) a t certain times. If this is the case, however, it is somewhat surprising th a t a spirochaete never loses its wave altogether, but gives rather the impression of being a permanent helix. I t is difficult to see how a solenoid like body could be caused to rotate rapidly about its long axis (as spiro-chaetes are said to do) unless it were provided with cilia or flagella (like Spirillum or Vibrio). The slow rotation of the trichomes of certain Cyanophyceae-Oscillatoria, or Spirulina versicolor Cohn (see Dobell 1912 )-may or may not be due to spiral waves of mucous secretion, but it is difficult to imagine such a process leading to the rapid movement observed in spirochaetes.
I t may be objected th a t the speed of movement in Oristispira and fastmoving spirochaetes in general is too great for displacement to be brought about by streaming. Films of Cristispira sp. from the Oyster, made by Dr J. E. Harris, showed th a t this spirochaete moves through its own length in 1-3 sec.; but although a speed of 50-100/^/sec. in Oristispira is of a very different order from th a t in the green helical organism, 1-2/^/sec., the movement of Cristispira (as I am informed by Dr Harris) would not in fact necessitate a speed of protoplasmic streaming greater than th a t observed in filopodia of Foraminifera, for example.
I t is impossible to decide w hat is happening by direct or indirect observa tion of the movement alone. As Nageli and Schwendener (1877) pointed out, any helix moving in the direction of and rotating about its axis appears to execute snake-like movements, and we have seen th a t cinematography is unlikely to yield the key to the motion of spirochaetes. Perhaps the most hopeful line of attack would be to look for displacement of granules in a large form such as Spirochaeta plicatilis Ehrenberg when creeping on a solid surface, if necessary under dark ground illumination.
The fine structure of the green helical organism
I t was observed th a t the width of specimens diminished during fixation and dehydration, while the length remained practically unchanged. Such anisotropic changes in dimensions are typical of any fibrous micellar aggregate, in which anisodiametric particles are arranged with their long axes parallel to the long axis of the fibril. If water or other liquids can penetrate between the particles, the object will swell or shrink more in width than in length when liquid penetrates to, or is removed from, the intermicellar or intermolecular spaces.
Experiments showed th a t the shrinkage is not produced by fixation, in the case of fixatives containing osmium tetroxide, but appears during dehydration. The width and length of specimens were determined in life, using a camera lucida. The organism was then fixed by bringing a drop of Champy's fluid to the edge of the cover-slip, and measurements were made once more. Absolute alcohol was then added and the specimen well irrigated until no further change in shape occurred. The results of such an experiment are shown in table 1. From this it is clear th a t the shrinkage in width may reach almost 50 %, th a t in length, however, barely 5 %. The change in the ratio of width to length is clear from the photomicrograph of fixed, stained and dehydrated specimens shown in figure 4, plate 5.
From these experiments it may be concluded th a t the organism has a regular, fibre-like structure. Belar (1929) reached similar conclusions about the structure of mitotic spindles from observations on their aniso tropic shrinkage. His conclusions have since been supported by Schmidt's observations (19376) on the birefringence of the spindle. Attempts to detect birefringence in the green spiral organism were not successful, nor did gold-impregnated preparations (made as described by Schmidt 1935) show any trace of dichroism. These negative results do not, however, contradict the conclusions drawn from anisotropic shrinkage. The culture died off so rapidly th a t any extended experiments (with more powerful light-source, or modified conditions of impregnation) were impossible. In attem pting to detect dichroism, a difficulty was encountered which appears insuperable. The blue-yellow cross (a subjective effect produced by plane polarized light) made it impossible to decide the colour of any minute object lying at the centre of the cross. (The cross is always visible in th at part of the field towards which vision is directed.) Since either the cross rotates on rotating the polarizer, or the object must be rotated if the polarizer is kept stationary, the colour change in the background from blue to yellow or yellow to blue tends to induce a contrast change in the colour of the object such th at it would be easy to imagine th a t a dichroic effect exists.
If we now attem pt to put together what has been learned of the structure of the organism and what was learned from its movement, we can perhaps best picture the creature as a skein of wool, twisted into a screw. The threads of wool represent the anisodiametric particles, which are arranged almost parallel to its long axis. Many of the threads are tied up to form parallel bundles-representing the gelated portion-while a band of threads is left free among one edge-representing the streaming protoplasm in the sol condition. At the anterior end we may assume th a t molecules or micells from the sol phase are added to the gel structure according to the helical plan. I t is simplest to suppose that, in being pulled into position to be added to the gelated helix, the region of protoplasm associated with one granule pulls on the next portion of the liquid band and so brings it into position. In the model this is represented by the continuity of the threads, but we need not assume th a t the particles of the organism form a continuous skein.
The helical organism forms, as it were, part of an imaginary helix ex tending in either direction beyond the limits of the body; a t any moment p art of this helix is realized. The form of the organism is constant-it is always a right-handed helix of so many turns-but its projection on a given plane, th a t is, its apparent shape, when viewed from a given point, is continually changing (see figure 2) . We might say th a t the green helical organism moves by growing, in the sense in which we speak of the growth of a pseudopodium. Growth in the more profound sense of the m anu facture of substance to be built up according to the helical plan leads to an increase in length of the organism, but not to any considerable increase in width (see figure 1 and compare figure 3, plate 5 with figure 5, plate 6). This means th at new protoplasmic material tends to be added to the structure in the same way as the existing material is added to the anterior end in the course of movement. From a morphological point of view the organism appears in this case to be built up by the repetition of a pattern in space, in a manner analogous (and only analogous) to th a t in which a crystal is built up. When we consider the activity of the organism, however, it is clear th a t we are dealing with a kind of pattern fundamentally different from th at of the crystal.
The continuous renewal of the helical organism in accordance with a predetermined pattern is the result of differences in activity between one part of the organism and another. There is in the first place an antero posterior polarity. Dobell (1912 ) and, following him, Hindle (1931 suggest th at spirochaetes possess no polarity, since they move indifferently in either direction parallel to their long axis. I t is of course true th a t their polarity is not fixed, but, on the other hand, in the case of the green helical organism, there exists a t any moment (other than th a t a t which the organism reverses its direction of movement) a well-defined physiological and, ultimately, morphological polarity. At the anterior end protoplasm is passing from the sol to the gel condition; a t the posterior end from gel to sol. There is also a difference in activity between the two edges of the ribbon; the anterior edge is/streaming, the posterior edge stationary. I t is also conceivable th at the ir/her and outer faces of the ribbon are not in the same condition. I t has been shown (see Frey-Wyssling 1935) th a t the helical coiling of the elaters of Equisetum is related to their micellar structure and to differential hydra tion of the two surfaces. The helical form of the green organism may, by analogy with the elater, result from an actively maintained state of differen tial hydration of the two surfaces. This view is supported by the observa tion th a t the pitch of the helix increases when the organism is dehydrated.
These points all suggest th a t the structural pattern is inseparable from a pattern of activity. We have a glimpse of how closely the two may be related: the antero-posterior polarity is parallel to the " fibre axis" of the organism, th a t is, to the axis of molecular or micellar orientation, and this is the direction in which the organism builds itself anew in moving, and in which it also grows.
Systematic position
Until occasion arises for further study, the systematic position of this organism must remain undecided. I t appears to be closely related to the Spirochaetoidea and to certain Cyanophyceae According to Dobell (1912) the characters common to Spirochaetoidea and Spirulina are: " absence of antero-posterior polarity; presence of a spiral, flexible body clothed with a pellicle; absence of organs of locomotion; plasmolysability; transverse division; metachromatic granules; variation in length but not in breadth in individuals of the same species; absence of sexual phenomena. The Cyanophyceae differ from the Spirochaetoidea in possessing chromophyll and cyanophycin, in cytoplasmic and nuclear structure, and in lacking a crista or homologous organ-which, however, is also lacking in many Spirochaetes."
The resemblances between certain Cyanophyceae (such as Spirulina) and spirochaetes are, however, " merely those general resemblances which exist between all Bacteria and Cyanophyceae, and which mark the close relations existing between these two groups" .
Geitler (1925) states th a t the differences between Spirulina and spiro-ehaetes are: absence of an axial filament; inflexibility; presence of cross walls. These criteria are inadequate since (1) an axial filament appears to be absent in many small spirochaetes; (2) the species of examined by Dobell, S. versicolor Cohn, showed marked flexibility; (3) fixed specimens of the genus Cristispira (Spirochaetoidea) show chambered structure while, as Geitler points out, cross walls are either absent or only visible in fixed material in the smaller forms of Spirulina, w hich he places in the subgenus Euspirulina.
Geitler asserts th a t the members of the genus rotate about the long axis as they progress, but Dobell observed that, although S. versicolor Cohn sometimes shows slight rotation about the long axis during gliding or creeping, it does not usually rotate.
If, as Geitler claims, all organisms belonging to the genus Spirulina rotate about their long axes as they advance, the helical organism cannot belong to this genus. The descriptions of the smaller forms are, however, extremely inadequate. I t is impossible in the present state of our knowledge of these forms to state categorically th a t the helical organism is not a Spirulina and equally impossible to exclude it from the Spirochaetoidea. Dobell (1912) , having pointed out th a t the Spirochaetoidea have many characters in common with the Bacteria, states th a t " there is only a single feature in which the Spirochaetes differ from the Bacteria: namely, the Bacteria are motile by means of special organs of locomotion (with the exception of forms such as Beggiatoa whose movements resemble those of the Cyanophyceae), whereas no such organs exist in the Spirochaetes" .
Hindle (1931) defines the Spirochaetes as " a fairly distinct group of organisms characterized by their spiral form, flexibility and the power of active movement without the aid of flagella or any other organs of loco motion, except possibly in the case of developmental forms which may show a spiral terminal flagellum" . He considers them to be most closely related to bacteria such as Spirillum, which is not flexible. The largest freeliving form, Spirochaeta plicatilis Ehrenberg, from fresh-water, reaching a length of 500/i and a width of 0*7 5 / i ( Zuelzer 1910) , differs f helical organism in the presence of an axial filament running down the centre of the closely wound helix, and of volutin granules disposed on either side of the axial filament (see figures in Hindle 1931) . No preparation of the green helical organism shows any trace of an axial filament. Unhydro lysed Feulgen preparations, made according to Reichenow's procedure (see Doflein-Reichenow 1928) , showed no trace of volutin granules, nor indeed did any balsam preparation show the granules. These characters do not however enter into the definition of the group, and they are not recognizable in the smaller free-living or pathogenic forms. How closely the green helical organism is related to the Spirochaetoidea would seem to depend on how far the type of movement described is characteristic of spirochaetes.
Although a parallel with amoeboid movement has been drawn, this does not imply any close relationship between this organism and the Sarcodina. I t is of importance to decide whether moves in the same way as the green helical organism, since fundamental differences in the type of movement may well justify a separation of existing spirochaetes by more than generic differences. If the green helical organism divides by transverse fission, as the evidence suggests, it should be regarded on Hindle's definition as a spirochaete. On the other hand, it seems fairly certain th at the organ ism described here is not Lagerheim's green spirochaete, Glaucospira (1892), which Geitler, with due caution, includes in the genus Spirulina. Lagerheim states th a t the threads normally swam a t high speed, thrown into a loose secondary spiral (as does S. fulgurans Dobell), but suddenly change their type of movement and show violent contortions in all directions, " wie eine verwundete Schlange" . He does not doubt th at cilia are present a t the ends. I t is clear th a t this account could not possibly apply to the organism described in this paper. Nor for th a t m atter do the descriptions of G l a u c o s p i r a-like forms given by Doflein (1911) suggest th at he is describing our form. On this account Lagerheim's genus will not be revived to include the new helical organism. Warming (1875) described a very large spirochaete, Spirochaeta gigantea, but it is evident th a t his description cannot refer to the green helical organism. The systematic position of the latter m ust remain undecided until the opportunity occurs of examining it once more, and until more is known of the mechanism of movement in other spirochaetes.
The cinematographic films of the green helical organism were made in collaboration with Mr K. C. Williamson, to whom I am greatly indebted. I wish to acknowledge my debt to Mr C. Dobell, F.R.S., Professor J. Gray, F.R.S., Professor E. G. Pringsheim and Dr D. A. Webb for many helpful suggestions. My special thanks are due to Dr J. E. Harris, who has allowed me to examine his films and to quote from his unpublished results.
